Abstract -Although many studies have been made on fish community changes in reservoirs, the diversity of situations means that general models are still difficult to construct. In order to be useful to managers, the information gathered in these studies must cover the regional taxonomic peculiarities. The inclusion of ecological strategies allows the detection of general patterns of fish community change. In the present study, multivariate analyses and non-parametric tests were used in order to detect relationships between ecological traits of 39 fish species and pelagic fish assemblages. We used gillnet captures of fish made in the Sinnamary River before filling of the Petit-Saut Reservoir and in the reservoir 8 years after closure of the dam and published data on fish species diet, life history parameters and morphology. Significant relationships were detected between fish assemblages and every ecological trait, which would have allowed the forecast of the type of species able to colonize the Petit-Saut Reservoir. Provided that the general characteristics of a river before damming are taken into account, it seems that feeding strategies can be used to predict future fish population and species changes on a general basis. Conversely, the lack of published data prevents definitive conclusions from being drawn concerning life-history and swimming strategies.
Introduction
As early as the 1950s, studies were conducted on changes in the fish communities of tropical reservoirs, generating numerous data (Lelek and El Zarka 1973; Ita 1984; Vanderpuye 1984; Santos and Mérona 1996; Agostinho et al. 1999; Agostinho et al. 2007; Mol et al. 2007 ). However, to make general models of changes in fish assemblages in reservoirs, it is necessary to make comparative studies between different ecological situations, which is still difficult. First, the fish fauna that initially colonizes a reservoir is directly dependent on the fish fauna present in the river before damming. A detailed knowledge of the pre-existing fish assemblages in a river that is to be dammed is essential in order to understand the colonization dynamics of the assemblages in the new reservoir (Agostinho et al. 1999) . Second, since different biogeographic areas are being addressed, comparisons cannot be made from lists of species but are only possible based on general criteria. Following the "habitat templet concept" (Southwood 1977) , the habitat constitutes a templet of spatio-temporal variability in which evolution moulds characteristic life-history traits. This concept has since been applied to rivers (Townsend and Hildrew 1994; Townsend et al. 1997) , leading to the hypothesis that, for a given taxonomic group, the distribution of traits is predictable from the spatio-temporal variability of the environment. A similar approach was developed by Winemiller (1989) , who stated that life-history strategies of fish species depend on the variability and the predictability of the environment (Winemiller 1989; Winemiller and Rose 1992) . These approaches offer the possibility of using combinations of the ecological traits expressed in the assemblage to assess the impacts of human-induced disturbances. The use of a functional measure (diversity of ecological traits) instead of a taxonomic one (list of taxa) provides a better indication of the change occurring in the system (Hoeinghaus et al. 2007 ). Moreover, this approach permits the establishment of general models of community response to disturbances, independent of their specific composition 42 B. de Mérona and R. Vigouroux: Aquat. Living Resour. 25, 41-54 (2012) (Charvet et al. 2000 ). An example of this approach is the development of the Index of Biotic Integrity (IBI) (Karr 1981) , which is based on various functional descriptors (feeding or habitat use) that supposedly react to perturbations in a predictable manner. The implantation of a reservoir on a river constitutes a major perturbation for fish. The aquatic habitat is deeply, rapidly and permanently modified, so it can be hypothesized that the physico-chemical characteristics of the reservoir will limit the potential for riverine species to develop populations. In other words, reservoirs can be compared to environmental filters which, from the pool of species present in the river, will retain those unable to find their ecological requirements in the newly formed lake (Tonn et al. 1990 ).
Based on these concepts and hypotheses, the present work aimed to (1) illustrate the changes in species composition and relative abundance of species in the pelagic fish assemblages in a tropical reservoir 10 years after its filling and (2) identify the ecological traits that contribute to these changes and hence determine the final composition of the reservoir assemblages. Three kinds of traits were analysed, related to feeding habits, life-history strategies and body morphology.
Material and methods

Study site
The Sinnamary River, located in the centre of French Guiana, is approximately 260 km long and drains an area of 6 565 km 2 (Fig. 1) . The basin receives a mean annual precipitation of 3000 mm. The mean annual discharge before damming was 262 m 3 s -1 (Sissakian 1997) , with a hydrograph showing large seasonal and stochastic variations (Fig. 2) . In January 1994, a dam was closed in the downstream section of the river at about 60 km from its mouth in the Petit-Saut area. The damming led to the formation of a large reservoir of more than 300 km 2 . Subsequent water level fluctuations in the reservoir were large and seasonally predictable (Fig. 2 ).
Sampling
Fish were sampled using one to five sets of 10 surface gillnets of 25 × 2 m, with mesh sizes of 10, 15, 20, 25, 30, 35, 40, 50, 60 and 70 mm between adjacent knots. The nets were set at sunset and retrieved the next morning. This procedure was adopted after checking that daytime captures did not bring any further significant information about composition and structure of fish assemblages (Mérona and Albert 1999) . Fifteen samples were taken in the river during the period of reservoir filling from June 1994 to December 1995. These samples were taken each month, except in July and September 1994 and August and October 1995, in the area consisting of pools of relatively still water situated above the riffle immediately upstream from the progression of water in the reservoir. Nets were placed in areas with only a small current or none at all. The central part of the reservoir was sampled every two months between March 2002 and July 2003 and in November 2003 . Here, the nets were placed in open water at a growing distance from the bank and attached to the dead trees remaining in the lake (Fig. 1) . Fish captures were expressed in number of specimens per species per unit of effort (one set of nets during one night).
The captured fish were identified to species level using recent taxonomic reviews (Planquette et al. 1996; Keith et al. 2000; Le Bail et al. 2000) . A list of the most abundant species classified by family is given in Table 1 . Every specimen was measured (standard length, to the nearest mm) and weighed (to the nearest g). 
Ecological traits
Ecological traits of the species were obtained from specimens captured in the river during the pre-closure period, or upstream from the reservoir after closure. Species diet and feeding guilds were obtained either from Mérona et al. (2003) or from original data ( Table 2 ). The food items identified in the fish stomachs were: organic benthic layer or detritus (Det), fragments of higher plants (Vege), algae (Alg), chaoborid larvae (Chao), decapodes (Dec), other aquatic invertebrates (Aqu Inv), terrestrial invertebrates (Terr Inv) and fish (Fish). Due to their poor representation in the stomach contents examined, the categories chaoborid larvae, decapodes and algae were grouped with categories Aqu. Inv, Fish and Vege, respectively, for the statistical analyses.
The method for stomach content analysis was derived from the point method: the relative volume of each food item to the entire content of the stomach was estimated under stereomicroscope and expressed as a percentage. Feeding niche breadths were calculated using Levin's standardized index:
, where P ij is the proportion of prey j in the diet of species i and n the number of prey categories (Hurlbert 1978) . Feeding niche breadth was included in the feeding traits because it constitutes an efficient index of omnivory.
Life-history traits were taken from Ponton and Mérona (1998; Appendix 1). They included: maximum standard length (MSL), length of the reproductive period in months (LRP), relative length at first maturity for females (L1R), absolute fecundity (FEC), relative fecundity (RFE), percentage of
mature oocytes in the ovary (MO) and mean diameter of mature oocytes (MDO). These life-history traits were the ones identified by Winemiller (1989 Winemiller ( , 1992 as determinant in describing life-history strategies of fish species.
Morphological measurements were taken on 1 to 7 individual fish (Appendix 2). Variables considered were adapted from Gatz (1979a) and were assumed to be related to locomotion capacity:
• Relative head length (the measure taken from the extremity of the head to the posterior border of the opercule divided by the standard length: RHL); • flatness index (the maximum body depth divided by the maximum body width: FI); • relative body depth (the maximum body depth divided by the standard length: RBD); • relative caudal peduncle length (the measure taken from a vertical through the posterior border of the anal fin to the end of vertebral column divided by the standard length: RPDL); • caudal peduncle flatness (the peduncle depth divided by the maximum peduncle width: PDLF); • relative caudal area (caudal area measured by a planimeter divided by half the product of standard length and maximum body depth: RCAA); • relative pectoral length (the maximum length of the pectoral divided by the standard length: RPCL); • relative pectoral area (pectoral area measured by a planimeter divided by half the product of standard length and maximum body depth: RPCA); • eye position (the proportion of head depth below the centre of the eye: EP). 
Data analysis
Captures were expressed in numbers of each species per set of 10 nets during one night. In order to exclude the weight of very rare species, we excluded species representing less than 0.1 per cent of the river or reservoir samples from the statistical analyses.
A correspondence analysis (COA) was done on the species × samples matrix in order to visualize the distribution of samples according to their position in the river or reservoir, and the associated species.
Three kinds of ecological strategies were considered: feeding strategies, reproductive strategies and locomotion strategies. The mean of each trait in each sample was computed by multiplying the value of the trait for each species with the capture of the species in the sample, summing the result for all the species in the sample and dividing by the total number of fish captured. The resulting "sample × trait" matrix was treated by Principal Component Analysis in order to visualize the association between traits and samples. This association was tested by a non parametric ANOSIM test (Clarke and Warwick 2001) , which consists of calculating an index (the global R) based on the comparison of rank similarities among replicates within and between sites. This index varies between 0 (no difference between sites) and 1 (no similarity between sites is greater than any similarity within sites). The value of this index is then recalculated under 999 permutations of the sample labels. The significance level of the difference between sites is given by the proportion of simulated values equal or larger than the observed value.
The contribution of each trait to the difference between samples was computed by the SIMPER procedure (Clarke and Gorley 2001; Clarke and Warwick 2001) .
Correspondence analyses and Principal Component analyses were conducted using XLSTAT (Addinsoft TM ).
Results
Changes in fish assemblages
We captured 54 species in the river but only 39 in the reservoir (Table 3) . Five species captured in the reservoir were absent from the samples captured in the river.
Among the species absent from the reservoir samples, three were regularly present in the river (Acestrorhynchus falcatus, Cyphocharax helleri and Anostomus brevior) but most of these were rare in the river samples. Conversely, some species were much more abundant in the reservoir than in the river. This was the case of Plagioscion squamosissimus; four Cichlid species: Cichlasoma bimaculatum, Geophagus surinamensis, Crenicichla saxatilis and Satanoperca jurupari; and one species belonging to the Sternopygidae: Eigenmannia virescens.
Thirty seven species each represented more than 0.1% of total capture in the river or reservoir samples. Together, these made up more than 99.5% of the capture and were retained in the statistical analyses.
The first axis of the correspondence analysis extracted 31.5% of the total variability in the samples and clearly separated the river assemblages from those of the reservoir (Fig. 3a) . The second axis (18.5% of the variability) seemed to be related to hydrological conditions in the river at the time of sampling. In the negative part of this axis we find the samples taken during the flood period (mainly March to July), and at the other end, samples taken during the low water season (September to January).
The main significantly contributing species associated with the reservoir samples were Triportheus rotundatus, Curimata cyprinoides, Hemiodus unimaculatus, Hemiodopsis quadrimaculatus, Plagioscion squamosissimus and Charax pauciradiatus, whereas Bryconops caudomaculatus, Auchenipterus nuchalis, Acestrorhynchus falcatus and Cyphocharax spilurus contributed significantly to the river samples (Fig. 3b) .
PCA revealed good associations between traits and the spatial positions where samples were taken (Figs. 4a-c) . In the cases food, reproductive and morphological traits, factor 1 of the analysis extracted more than 50% of the total variability of the matrix and was related to the difference between river and reservoir samples. The differences were always highly significant (p < 0.001, p = 0.002 and p < 0.001 for feeding, reproductive and locomotion traits, respectively). Mérona and R. Vigouroux: Aquat. Living Resour. 25, 41-54 (2012) The food types associated with the river samples were terrestrial invertebrates and fish were, whereas organic benthic layer and vegetation were characteristic of the reservoir samples (Table 4) ; these four dietary components accounted for more than 98% of the difference between sites.
The reproductive traits that contributed the most to the differences in sample composition were fecundity and maximum observed length, which were higher in the reservoir samples (Table 4) . River samples were characterised by late maturation, a long reproduction period and larger eggs, although these contributed little to the difference between sites.
As for morphological features, river samples were characterized by a long and deep caudal peduncle and large caudal fin, whereas a deep body, long head and long pectoral fin were more frequent in the reservoir samples.
Discussion
As there were positively no introductions into the Petit-Saut reservoir, those species present in the reservoir samples but absent in river samples had to have been present before the damming. Therefore, it is likely that the number of species lost was higher than the 15 revealed by these capture experiments.
Seven to eight years after the closure of Petit-Saut Dam, fish assemblages in the reservoir can be expected to be relatively stable. According to Agostinho et al. (1999) and based on past experiences (Gido and Matthews 2000) , the time needed to achieve a state of equilibrium in tropical reservoirs is probably less than 10 years. After this time, numerous previous data show a decrease in fish species diversity in tropical reservoirs compared with their rivers (Reynolds 1990; Santos 1995; Chookajorn et al. 1999; Pholprasith and Sirimongkonthaworn 1999) .
Despite the differences between the two environments sampled (river and reservoir), we considered the samples to be roughly comparable because we sampled similar habitats in each, using the same method. Absence of a species from a sample cannot be equated with its absence from the environment and the overall interpretation must mainly consider the difference in the relative abundance of species. Some species showed a profound decrease in their abundance or even a complete disappearance from the reservoir samples compared with the river ones; as was the case of Acestrorhynchus falcatus, a medium-sized piscivore and Cyphocharax helleri, a small detritivore. The river contains some close congeneric species and it can be hypothesized that a decrease in the number of niches in the reservoir compared with the river could have prevented the co-existence of these pairs of species (Agostinho et al. 2003 ). This hypothesis is compatible with the findings of Mason et al. (2008) , who showed that lake fish communities are driven by niche complementarity processes.
The changes in relative abundances of species between the fish assemblages from the Sinnamary River and Petit-Saut Reservoir were shown to be linked to the ecological strategies of the fish species. The formation of the reservoir led to drastic changes in fish habitat. Such transformations effectively "filtered" the riverine fish species, preventing colonization by those that could not find suitable living conditions in the manmade lake and could not adapt themselves.
Feeding strategies
The first pressure imposed on fish when there is a radical transformation of their environment, is food related. Individual fish must first succeed in obtaining enough energy to maintain their basic metabolism and then to reproduce. In the Sinnamary River, external supplies constitute a large part of the food resources used by the fish (Horeau et al. 1996) , whereas plankton, algae and aquatic invertebrates are only present in small quantities (Mérona et al. 2003) . After an initial supply of large quantities of allochtonous material generated by the decomposition of vegetation and litter during the reservoir filling and subsequent stabilization, these resources become scarce and autochtonous resources like detritus, algae, periphyton and aquatic invertebrates, predominate (Mérona et al. 2003) . It is then expected that the species adapted to allochtonous resources, like terrestrial insects, in the river would have difficulty colonizing the reservoir. Conversely, species feeding on the organic layer developing on substrates should be favoured during the process of reservoir colonization. The relative importance of species feeding on autochtonous food has been pointed out in all previous studies on reservoir fish communities (Araujo Lima et al. 1995; Agostinho et al. 2007) . From an analysis of the trophic structure of fish assemblages in 77 reservoirs in Brasil, Agostinho et al. (2007) determined that omnivores, piscivores, detritivores and herbivores are the dominant species in reservoirs. In Petit-Saut Reservoir, the average percentage of detritus and vegetation suggested that detritivores and herbivores should be more abundant than in the river. Conversely, our data did not confirm the prevalence of piscivores in the reservoir. This disagreement is probably due to differences in the specific composition of river ichthyofauna prior to damming, as suggested by Agostinho et al. (1999) . In the Sinnamary River, unlike in the other main dammed South America rivers, there are few (actually only one) large piscivorous species. Compared with a previous study addressing the first years of the Petit-Saut Reservoir, the patterns observed here show a drastic transformation of trophic structure (Mérona 2005) . Soon after the flooding of the lake, a large number of terrestrial insects became available from the dying submerged trees and the invertivores feeding on this resource were abundant in the reservoir. As time went on, however, this ephemeral resource ran out and these fish species were no longer able to persist in the man-made lake. Thus, in a state of dynamic equilibrium, the "filter" for terrestrial insect feeders in large reservoirs seems to be a general pattern.
Reproductive strategies
Having fulfilled their nutritional requirements, species must reproduce in order to persist in the transformed environment. The change in hydrological variability, a parameter known to significantly affect the representation of mean life history traits in fish communities (Tedesco et al. 2008) , was one of the most prominent transformations in the Petit-Saut Reservoir after its filling. Fish in the Sinnamary River before damning experienced large stochastic variations in discharge and water level and, as a consequence, opportunistic/periodic strategies dominated the community (Ponton and Mérona 1998) . Conversely, the hydrological regime in Petit-Saut Reservoir is much more regular, with a constant periodicity of high and low water (Fig. 2) . Under these conditions, our data show that a large maximum length, high fecundity, short reproductive period and single bout per year were the life-history traits of riverine species that favoured their colonization of the reservoir's pelagic compartment. These traits are compatible with the periodic strategy according to Winemiller's classification (Winemiller 1989 (Winemiller , 1992 . Data on the life-history strategies of fish species in reservoirs are sparse in the literature (Agostinho et al. 2007; Mérona et al. 2010) . Some information exists on individual species but not at the community level, a fact that prevents statistical analyses on the relation between species traits and community composition (Mérona et al. 2009 ). Based on the specific composition of fish communities in the literature, it appears that reservoirs house a large number of species that exhibit low fecundity combined with some sort of parental care, an observation that seems contradictory with our results (Balon 1973; Latif and Rashid 1973; Rashid 1995; Agostinho et al. 2007 ). However, most of these species avoid the pelagic compartment, and concentrate in the shallow marginal areas that were not taken into account by our sampling (Balogun and Ibeun 1995; Machena 1995) .
Swimming strategies
Our results on the morphological features related to the capacity to colonize the reservoir are compatible with some previous detailed studies (Gatz 1979a,b; Sfakiotakis et al. 1999; Gillespie and Fox 2003) . The morphological traits favoured in the reservoir were long and large pectoral fins, a long head and a deep body, whereas fish in the river tended to have large caudal fins and long caudal peduncles. These morphological features associated with the reservoir assemblages are obviously related to the swimming ability of the fish. According to Gatz (1979a) , relative body depth is assumed to be inversely related to habitat water velocity and directly related to capacity for making vertical turns. Also, relative length of the pectoral fins is related to low speed manoeuvring characteristics of fish living in quiet water, and relative area of pectoral fins is directly proportional to the braking capacity of the fin, fanning to maintain position, and to capacity for acceleration from a stationary position. Associated with the river assemblages, relative peduncle length and relative caudal fin area are also traits closely related to swimming ability, characteristic of fish living in strong currents, where the peduncle-caudal fin system acts as an efficient propelling device (Sfakiotakis et al. 1999) . Relative head length, associated with reservoir assemblages, is related to prey size, meaning that fish with a long head would present a large ratio of length of prey/length of predator, a characteristic that optimizes the efficiency of foraging. This was the case of the three species of Cichlids (Cichlasoma bimaculatum, Geophagus surnamensis and Satanoperca jurupari), which present the highest relative head length in our data.
The last morphological trait, the caudal peduncle flatness, is assumed to be inversely related to amplitude of swimming movements (Gatz 1979a ) and was associated with the river assemblages. Fish in flowing water use up energy while resisting the current, and must develop energy-saving foraging strategies. In our data on the species associated with the river, Auchenipterus nuchalis and Hoplias malabaricus present high values of relative peduncle flatness. The former is a small pelagic species feeding preferentially on the terrestrial invertebrates falling from the riparian vegetation and the latter is a large piscivore hunting from a hide; neither of these two foraging strategies require much energy (Mérona et al. 2003) . Morphological structure of communities in reservoirs has been seldom studied. In the Tucurui Reservoir (Brazil), (Mérona et al. 2010) demonstrated an increase in the abundance and number of fish species with deep bodies, large pectoral fins and eyes and mouths in median positions compared with the abundance of such species in the river before impoundment, a result which is compatible with the conclusions of the present study.
Conclusion
(1) composition and structure of the pelagic fish community, show large differences between the reservoir and the river of origin; (2) feeding strategies of fish species appeared to be a good predictor of the type of riverine species most able to develop in the Petit-Saut reservoir; (3) reproductive traits and morphology associated with swimming ability may be used as indicators to forecast the type of species which will proliferate in reservoirs.
These conclusions may not be applicable to every reservoir, as a number of factors could influence the colonization success of fish species from the river. These factors can be of external origin, such as dam operation schedule and fishing pressure, or of internal origin, such as the type of river dammed, the position of the reservoir in relation to the longitudinal profile and the interactions between competing species. 
